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© Tiiere is provided a method for use in the fab- 
rication of a bipolar narrow base transistor including 

the steps of : 

providing a substrate of semrconductor material in- 
cluding a region (14) of first conductivity type for- 
ming the collector of the transistor; forming a first 
layer (32) of second conductivity type epitaxial semi- 
conductor materiai over the region: forming a second 
layer (36) of second conductivity type epitaxial semi- 
conductor material over the first layer, the second 
layer of a relatively higher dopant concentration than 



the first layer; oxidizing a portion of the second layer 
to form an insulating layer (38);. and removing the 
oxidized portion of the second' layer to expose a 
portion of the first layer (32). As a result, the extrin- 
sic base region (36) is laterally spaced from emitter 
regton (58). the exposed portion of the first layer (32) 
fonming the intrinsic base region. The steps of for- 
ming the first and second layers are preferably per- 
fonmed using low temperature, ultra-high vacuum, 
epitaxial deposition processes. 
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NARROW BASE TRANSISTOR ANO METHOD OF FABRICATING SAME 



The present Invention relates generally to 
semiconductor devices and more particularly to 
bipolar transistors and methods of fabricating the 
same. 

In fabricating a vertical, bipolar transistor, it Is 
generally desirable to minimize the device 
collector-base capacitance, Cct (i e. the capaci- 
tance between the adjoining base and collector 
regions). Such capacitance typically has the un- 
desirable affect of decreasing device switching 
speed, and increasing the device switching vol- 
tages. It is further desirable to minimize the device 
base-width, narrow base-width devices typically ex- 
hibiting improved performance. 

One method of minimizing the undesirable 
collector-base capacitance is to minimize the P-N 
junction area between the device base and collec- 
tor regions. Along the same lines, this capacitance 
Ccb also decreases as the distance between the 
base contact and the device collector region is 
increased. These goals, however, typically conflict 
with the requirement to make a reliable, low resis- 
tance electrical connection to the base region. 
Such connection is often accomplished through the 
use of a large extrinsic base region, increasing the 
area of the base-collector P-N junction, and a large 
extrinsic base contact positioned close to the de- 
vice surface. 

U.S. Patent No. 3.600.651 shows transistor 
structures wherein a polycrystalline layer is depbs- 
Ited on a masked semiconductor region. The result 
of this deposition is a monocrystatline region over 
the semiconductor material and contiguous poly- 
crystalline regions over the masked, insulating ma- 
terial. Active device regions are then formed in the 
monocrystalline region, while device contacts are 
formed to the polycrystalBne regions. 

U.S. Patent No. 4.483.726 shows a vertical, 
bipolar transistor wherein substrate silicon Is ox- 
idized to fonm isolating spacers between the device 
emitter and extrinsic base region/contact 

U.S. Patent No. 4.428.111 shows a vertical, 
bipolar transistor wheran the layers forming the 
active base, collector and emitter regions are 
grown using molecular beam eptt^-uy (MBE). These 
layers are then processed to if-^m the transistor, 
and device contacts made thereto. 

An object of the present invention is to provide 
a new and improved vertical, bipolar transistor. 

Another object of the present invention is to 
provide such a transistor having a decreased 
collector-base capacitance relative to the prior art 

A further object of Ihe present invention is to 
provide such a transistor having a very nan^ow. 
highly uniform base regioa 



Yet another object of the present invention is to 
provide such a transistor having a thin, low resis- 
tance extrinsic base region for making electrical 
contact to the intrinsic base region, 
s Yet a further object of the present invention Is 
to provide a method for manufacturing such a 
transistor. 

In accordance with one embodiment of the 
present invention, there is provided a new and 

10 improved method for use in the febrication of a 
transistor, the method comprising the steps of: 
providing a substrate of semiconductor material 
including a region of first conductivity type; fonming 
a first layer of second conductivity type epitaxial 

IS semfconductor material over the regk>n: fonming a 
second layer of second conductivity type epitaxial 
semiconductor material over the first layer, the 
second layer of a relatively higher dopant con- 
centration than the first layer; oxidiang a portion of 

20 the second layer; and removing the oxidized por- 
tion of the second layer to expose a portion of the 
first layer, the exposed portion of the first layer 
forming an intrinsic base region. The steps of for- 
ming the first and second layers are preferably 

25 performed using low temperature, ultra-high vacu- 
um, epitaxial deposition processes. 

In accordance with another embodiment of the 
present Invention, there Is provided a vertical bi- 
polar transistor, comprising: a substrate of semi- 

30 conductor material including a region of a first 
conductivity type; a first layer of epitaxial semicon- 
ductor material of a second conductivity type over- 
lying the region; a second layer of epitaxial semi- 
conductor material of the second conductivity type 

35 overiying the first layer, the second layer having a 
greater dopant concentration .than the first layer; 
and the second layer defining an aperture exposing 
a portion of the first layer; the exposed portion of 
the first layer forming an intrinsic base region for 

40 the transistor. 

These and other objects, features, and advan- 
tages of the present invention will become appar- 
ent upon a consideration of the following detailed 
description of the inven tion when read in conjunc- 

45 lion with the drawing Rgures, in which : 

RGS. 1A-1M comprise a series of cross-sec- 
tional views illustrating consecutive steps in the 
fabrication of a bipolar transistor in accordance with 
a first embodiment of the present invention. 

50 Refem'ng now to FIG. 1A. a portion of a semi- 
conductor chip 10 includes a substrate 11 of P 
type monocrystalline silicon semiconductor mate- 
rial, the substrate having disposed thereon a sub- 
collector layer 12 of N-i- silicon and an overiying 
epitaxial layer 14 of N- silicon. It will be understood 
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that references to "N" and "P" type semiconductor 
materials designate dopant conductivity types, and, 
where appropriate, the relative dopant concentra- 
tions of the materials, 

A pair of spaced isolation trenches 16A, 16B s 
extend from the surface of epitaxial layer 14 down< 
ward through subcolfector layer 12 and into sub- 
strate 11. thereby electrically isolating a device 
region 18 to contain a subsequently fabricated tran- 
sistor. Trenches 16A. 16B each indude an elec- io 
trically insulating lining or wall 20A, 20B, respec- 
tively. The trenches within walls 20A. 208 are filled 
with an appropriate material, for example intrinsic 
poiysillcon as indicated at 22A, 228. 

A subcollector reachthrough region 24 of highly is 
doped N+ silicon extends from the surface of 
epitaxial layer 14 downward into contact with sub- 
collector region 12, this reachthrough region being 
positioned towards the right-hand side of device 
region 18. Consecutive, 400 Angstrom layers of zo 
silicon dioxide (SiOa) 26 and silicon ritride (SisN* 
overlie tiie surface of chip 10, including epitaxial 
layer 14 and isolation trenches 16 A. 168. Oxide 
and nitride layers 26, 28 are patterned to provide 
an aperture 30 exposing a portion of epita^dal layer 25 
14 generally centered between isolation trenches 
leA. 168 in device region 18. 

It will be appreciated by those stalled in tiie art 
that the above-described stnjcture d FIG. 1A is 
generally conventional, and can be formed using 30 
selected ones of many known semiconductor man- 
ufacturing techniques. U.S. Patents 4.473.598 to 
Ephrath et al. and 4.104.086 to 8ondur et al. (both 
assigned to the assignee of the present invention), 
for example, each show and describe metiiods of 35 
forming doped silicon regions isolated by trenches 
of the type shown in FIG. 1. Subcollector reachth- 
rough region 24 can be fonned using conventional 
ion implantation (I/I) or diffusion techniques, while 
layers 26, 28 can be grown using conventional 40 
chemical vapor deposition (CVD) processes. Oxide 
layers such as layer 26 can also be formed using 
conventional thermal oxidation techniques. As will 
be appreciated from a furtiier considmtion of tiie 
below-described process, the exact ttwcknesses of 4s 
layers 26. 28 Is not critical to tiie practice of tfie 
present invention. 

To best illustrate the present invention, FIGS. 
1B-1M are enlarged witfi respect to FIG. 1A to 
show the area around aperture 30. RGS. lE-IL so 
show the left-most side of the symmetrical device. 

Refening now to FIG. IB. a layer 32 of P- 
epitaxial silicon is formed over the device surface 
to a thickness of about 400 Angstroms. Layer 32 is 
preferably formed using a tow-temperature, ultra- 55 
high vacuum, epitaxial process of 0ie type de- 
scribed in tiie article "Low-temperature Silicon Epi- 
taxy by UKrahIgh Vacuum/Chemical Wpor Deposl- 
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tion". by B.S. Meyerson. Applied Physics Letter 48 
(12). 24 March 1986. pgs. 797-799 (in corporated 
herein by reference). Epitaxial silicon layers formed 
by this process are Icnown to possess very sharply 
defined doping profiles. Thusly formed, layer 32 
will have a monocrystalline structure overlying epi- 
taxial layer 14 witiiin aperture 30. and a poly- 
crystalline structure overlying nitride layer 28. Lay- 
er 32 is preferably formed to have"^ dopant con- 
centration of less ttian about 1x1019 atoms/cm^. 

As an example, tiiis low temperature epitaxial 
process can comprise subjecting the device to a 
gaseous mixture of SiHi/Ha and 82 Hg (tiie dopant), 
in a flowing gaseous stream, at a temperature of 
less tiian about 700 degrees centigrade and a 
pressure of about lO"^ torr, and for a time suffi- 
cient to achieve the desired tiiickness. Typically, 
these low temperature, uitra-high vacuum epitaxial 
processes are canied out at a temperature in the 
range of about 500-800 degrees centigrade, and at 
a vacuum in the range of about 10"*-10"2 tonr 
during deposition. 

It will be appreciated tiiat substantially the 
same process can be used with the optional in- 
troduction of a finite amount of Ge to form a 
heterojunction at tiie boundary between region 14 
and layer 32. In a manner well known In the art. 
such a heterojunction structure would provide tiie 
advantage of lowering the bandgap at tiiat transis- 
tor junction, and the benefits concurrent therewitfi. 

Using substantially the same low temperature 
epitaxial process described above (with the exclu- 
sion of tiie 82 Hs dopant), an optional layer 34 of 
intrinsic (or undoped) epitaxial silicon is formed on 
the surface of layer 32 to a thickness of about 300 
Angstroms. Utilizing the same process once again, 
a layer 36 of highly doped P + + epitaxial silicon is' 
formed on tiie surface of layer 34 to a tiiickness of 
about 1.000 Angstroms, l^yer 36 is preferably 
formed, by controlling the concentration of the dop- 
ant, to have a dopant concentration of greater tiian 
about 5x1 0^' atoms/cm^. The use of this low tem- 
perature epitaxial process to form at least two 
relatively tiiin. epitaxial, silicon layers of differing 
dopant concentrations comprises a key feature of 
the present invention as will be discussed in further 
detail be\o\N. 

Refemng now to FIG. 1C, a layer 38 of un- 
doped silicon is fomned confonnally over tiie sur- 
face of layer 36 to a thickness of about 250 Ang- 
stroms. Layer 38 is formed using a low tempera- 
Uire process, for example either a conventional 
CVD process (to iom poiysillcon) or a k>w tem- 
perature epitaxial growtii process (to fonn single- 
crystal silicon), so as not to disturb the dopant 
profiles of layers 32, 34, 36. Layer 38 is selected to 
be a material resistant to a subsequent oxidation 
process, for example tiie lightly doped silicons 
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descnbed above, or. for example, a nitride. The 
use of layer 38 comprises a significant feature of 
the present invention, penmtting the subsequent 
formation of insulating sidenalls in a manner de- 
scribed below. 

Sut)sequent to the fonnafion of layers 32. 34. 
36, 38. the regions of these layers extending be- 
yond the immediate area ol aperture 30 are re- 
moved (not shown) using conventional photoresist 
masking and etching techniques. Registered por- 
tions of layers 32. 34. 36^ 38 are pemnmed to 
extend a lateral distance beyond aperture 30 suffi- 
cient to accommodate a metal electrical connection 
In a known manner. 

Subsequent to the etchong of layers 32. 34. 36. 
38. a layer 40 of silicon cfoxide is formed confor- 
mally over the device to a ttiickness of about 500 
Angstroms. A layer 42 of silicon nitride Is formed 
conformally over layer 4a Both layers 40 and 42 
can be formed using conventional, low temperature 
plasma CVD processes. 

Refemng now to FIG. ID, anisotropic reactive 
ion etch (RIE) processes are used with a conven- 
tional photoresist mask (not shown) to fonm an 
aperture 44 generally centeied within apperture 30. 
Aperture 44 extends through layers 38, 40 42 and 
approximately half-way thnxigh layer 36 (Le. 500 
Angstroms). CF4 plasma, for example, can be used 
to etch aperture 44, 

Refening now to FIG. IE, the portion of epitax- 
ial silicon layer 36 exposed In aperture 44 is sub- 
jected to a thermal oxida§on process so as to 
convert a region 46 Into siEcon dioxide. This ther- 
mal oxidation process is preferably a low tempera- 
ture, high pressure process selected such that the 
temperature does not distiffb the doping profiles of 
the undeitying silicon layers. The oxidation process 
can comprise, for example; an exposure to a 600 
degree c»itigrade steam environment, at a pres- 
sure of about 10 atmospheres, for a time of about 
25 minutes. With the tempefature of this oxidation 
process controlled to be tess than about 700 de- 
grees cenfigrade, the process is highly selective 
(by a fador of about 10x) to both silicon layers 38 
and 34. 

Because layer 36 oxidoes much more qiuckly 
than intraiac layer 34, the axtdation process will be 
substantfafly slowed at layer 34, The resulting ox- 
ide region 46 (includes al of layer 36 exposed 
within api^re 44 (oxide region 46 also growing 
upwards), a very thin, uppet portion of layer 34, 
and a portk)n of layer 36 extending a lateral dis- 
tance of about 500 Angstroms beyond the periph- 
ery of aperture 44 undemeatti of polysllicon layer 
38. This ffiermal oxidation psocess will further oxi- 
dize an edge portion 38A of layer 38. to a thick- 
ness of approximately 100 Angstroms. 

The process of the present invention can now 



be continued with either an isotropic (wet) or an- 
isotropic (dry) etch. 

The embodiment using a wet etch will be de- 
scribed first with respect to RG. IF. and the «n- 

5 bodiment using a dry etch will be described next 
with respect to FIG. 1F'. Regardless of the embodi- 
ment utilized, the identical process steps are con- 
tinued onward from RG. 1G. 

Referring now to FIG. 1F, the device Is sub- 

10 jected to a dip in an etchant such as BHF or dilute 
HF to remove oxide regions 46 and 38A. This 
etching step further removes a portion of oxide 
layer 40 extending approximately 1.000-2,000 Ang- 
stroms laterally back from the edge of aperture 44 

/5 underneatti of nitride layer 42. 

Describing the alternative embodiment shown 
in FIG. 1 F . the device is subjected to appropriate 
masking (not shown), and a RIE process using, for 
example, a CFiA^IFa/Ar plasma selective to oxide 

20 layer 46 vs. underiying silicon layer 34. This etch- 
ing step provides the remaining spacer 46 with a 
vertical, exposed sidewall, and avoids tiie under- 
etching of layer 40 described above. (The remain- 
ing process steps 1G-1M are identical regardless 

25 of whetfier wet or dry etching is used. However, the 
under etch of layer 40 would not be present). 

As mentioned above, the use of a more highly 
doped layer of epitaxial silicon (layer 36) overiying 
a more lightly doped region of epitaxial silicon 

30 (layer 34 and/or layer 32) comprises a major fea- 
ture of tiie present invention. Because the more 
heavily doped epitaxial silicon (layer 36) oxidizes 
faster tiian tiie lesser doped epitaxial silicon (layer 
34). the oxidation (RG. IE) and subsequent etching 

36 (RG. 1 F) can be used to define a very nan-ow base 
region (remaining layers 32. 34) for a subsequentiy 
fonned vertical Wpolar transistor. It will bQ appre- 
ciated tiiat Intrin^ silicon layer 34 is optional, 
because tiie dif ferences in tiie dopant concentra- 

40 tions of layers 36 and 32 can be selected to 
provide tiie desM selectivity in oxidation and 
hence etching. 

Refening now to RG. 1G, tiie device is sub- 
jected to a second low temperature, high pressure, 

45 thermal oxidation process, for example a 700 de- 
gree centigrade steam environment at 10 at- 
mospheres and for a duration of about 50 minutes. 
A spacer 48 of siBcon dioxide is tiius formed on the 
the edge of layer 36 extending approximately 1,000 

50 Angstroms from the edge of aperture 44 laterally 
undemeatii of layer 38. (This spacer 48 would have 
already been in place after tiie dry etch of FIG. 1F', 
and slightiy thickened here.) This same thennal 
oxidation process fortiier forms a ttiln layer 50 (i.e. 

65 approximately 10(^300 Angstroms) of oxkle on the 
exposed surface <rf polysllicon layer 3a As wiO be 
described In further detail befow. spacer 48 is used 
as part of an insulator to electrically tolate an 
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extrinsic base region from an enr^itter contact 

As mentioned above, layer 38 comprises a key 
feature In this embodiment of the present invention. 
More particularly, the present inventors have deter- 
mined that the use of layer 38 permits the oxida- 
tion (FIG, IE), removal (RG. 1F). and reoxidation 
(FIG. 1G) of layer 36, without the formation of a 
bird's beak lifting of the overlying layers 40. 42, or 
the erosion of layer 36. 

Refening now to RQ. 1 H, a conventional CVD 
process is used to form a layer 52 of silicon nitride 
conformally over the device to a thickness of about 
500 Angstroms. As is shown in RG. 11, a conven- 
tional CVD process Is then used to form a laya- 54 
of silicon dioxide confonmally over the device to a 
thickness of about 2.000 Angstroms. From a con- 
sideration of these last two described FIGS., it will 
be understood that, while nitride layer 52 lined the 
undercut edge of uppenmost nitride layer 42. oxide 
layer 54 is of a sufficient thickness to fill that 
undercut. Oxide layer 54 thus fonns a generally 
smooth vertical liner on the walls of aperture 44. 

Refening now to FIG, IJ. a RIE process, for 
example uSing an CF^/CHFa/Ar plasma, is used to 
remove horizontal portions of oxide layer 54. This 
RIE process slows on nitride layer 52 so as to 
leave a vertical oxide sidewall within aperture 44. 
The device is then subjected to another RIE pro- 
cess, using for example a Ci2/02/Ar plasma to 
remove the exposed portions of nitride layer 52. 
This last etch is slowed when oxide layer 48 is 
exposed at the t)ottom of aperture 44. and is not 
permitted to extend any substantial distance into 
nitride layer 42. 

Referring now to RG. IK. the device Is dipped 
in an etchant such as BHF or dilute HF to remove 
the exposed portion of o)dde region 48 at the 
bottom of aperture 44. thereby uncovering under- 
lying layer 34. It will be noted that this etching step 
also yields a slight undercut Into the bottom of 
oxide region 48 laterally outward from aperture 44. 
A sidewall portion of oxide layer 54 remains be- 
cause of its relative thickness in comparison to the 
etched layer 48. 

Refemng now to RG. 1L, a layer 56 of poly- 
silicon is formed on the surface of the device using 
a conventional CVD process to a thickness of atxnit 
1.800 Angstroms. This layer of polysilicon Is pat- 
temed, using conventional photolithographic mask- 
ing and etching processes, to leave an etrotter 
contact generally within aperture 44 as shown in 
RG. 1L Polysilicon layer 56 Is preferably doped to 
an N concentration using a conventional process 
of ion implanting N ions such as Arsenic, and the 
device is then annealed to fonn emitter region 58 
as shown In RG. 1M. This annealing step also has 
the effect of driving P type dopant from the remain- 
ing portions of P+ + layer 36 Into Intrinsic poly- 



silicon layer 34. and also into layer 32. This outdlf- 
fuslon of dopant into layers 34, 32 decreases the 
resistance of the extrinsic base area of the subse- 
quently formed transistor. 

5 Referring now to the device shown in RG. 1M, 
there is thus formed a vertical, bipolar. NPN tran- 
sistor 60 wherein layers 14 and 32 within aperture 
44 form the collector and intrinsic base, respec- 
tively. Region 58 forms the transistor emitter, while 

10 polysilicon layer 56 forms a self-aligned contact to 
the emitter. Because the above-described anneal- 
ing step formed an electrical connection between 
epitaxial silicon layers 36 and 32, layer 36 func- 
tions both as an extrinsic base region and an 

75 extrinsic base contact for intrinsic base region 32. 
Oxide region 48 functions to electrically isolate 
emitter region 58 from tihe extrinsic base region. 

To complete tiie device, separate electrical 
contacts can be fomned to extrinsic base region 36 

20 at a location spaced laterally from aperture 44, to 
emitter contact 56, and to tiie surface of subcotlec- 
tor reachthrough region 24 (FIG. 1 A). The formation 
of these metal contacts is conventional in the art, 
and is not described in detail herein. 

25 The resulting transistor 60 includes an intrinsic 
base region (layer 32 in registry with aperture 44) 
much nan-ower (about 500 Angstroms) than can 
typically be achieved using prior art ion implanta- 
tion doping processes. Because the base region is 

30 fomned on top of collector region 14 (vs. In the 
collector region as is typical in the prior art), the 
Ccb of transistor is very small. Furtfier. tiie extrinsic 
base region is thin, possessed of a desirably low 
resistance, and, because it is self-aligned to tiie 

35 Intrinsic base region, is not prone to alignment 
problems. 

There is thus provided a method of forming 
high-performance, vertical. NPN bipolar transistors 
having narrow base regions. The method provides. 

40 as a key feature of forming the nanrow base region, 
thin, overiapping layers of epitaxial silicon wherein 
the upper layer is more highly doped than the 
lower layer. These layers are preferably formed 
through a process of tow temperature, high pres- 

45 sure, epitaxial silicon growth, providing the desired 
tiiin layers with sharp dopant variances. Utilizing 
these two layers of epitaxial silicon In selective 
oxidation and etching processes, a nanrow base 
region is formed having an extrinsic l>ase and 

50 extrinsic base contact Several methods are pro- 
vided for forming insulating spacers to isolate tiie 
extrinsic base and emitter regions. The present 
invention has utility in the formation of semiconduc- 
tor transistors, and more particulariy in tiie forma- 

55 tion of high perfonmance bipolar transistors for 
VLSI circuits. 

While the present invention has been shown 
and described with respect to specific embodi- 
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ments. it is not so limrted. Numerous modifications, 
changes and Improvements will occur to those 
skilled in the art without departing from the spirit 
and scope of the present invention. 



Claims 

1. A method comprising the steps of: 

providing a suljstrate of semiconductor material 
including a region of first conductivity type; 
fonning a first layer of second conductivity type 
epitaxial semiconductor material over said region: 
fomfiing a second layer of second conductivity type 
epitaxial semiconductor material over said first lay- 
er, said second layer of a relatively higher dopant 
concentration than said first layer, 
oxidizing a portion of said second layer; and 
removing said oxidized portion of said second layer 
to expose a portion of said first layer, the exposed 
portion of said first layer forming an intrinsic base 
region. 

2. A method comprising the steps of: 

providing a Substrate of semiconductor material 
including a region of first conductivity type; 
forming a first layer of second conductivity type 
epitaxial semiconductor materia! over said region; 
fonnning a second layer of second conductivity type 
epitaxial semiconductor material over said first lay- 
er, said second layer of a relatively higher dopant 
concentration than said first layer; 
fonning a tiiird layer of protective material over 
said second layer; 

anisotropically etching said third layer to expose a 
portion of said second layer; 
oxidizing the exposed portion of said second layer; 
removing an oxidized portion of said second layer 
to expose a portion of said first layer; and 
forming a spacer of insulating material on tiie ex- 
posed edge of said second layer. 

3. A method in accordance with daim 1 or 2 
wherein : 

said semiconductor material comprises silicon; and 
said first and second layers comprise silicon, 

4. A method in accordance with claim 3 wherein : 
said steps of forming said first and second layers 
each include epitaxially growing silicon at a tem- 
perature in the range of about 500-800 degrees 
centigrade and a pressure In the range of about 
10"^-10"2 ton* during deposition. 

5. A method in accordance witii daim 4 wherein 
said step of oxidizing said portion of said second 
layer of silicon Includes the step of exposing said 
second layer to steam at a temperature selected to 
oxidize said second layer selectively over said first 
layer. 

6. A method in accordance witii daim 1 or 2 
wherein said step of removing said oxidized portion 



of said second layer includes the step of etching 
witii a wet or dry etchant. 

7. A metfiod in accordance with claim 1 or 2 and 
furtiier induding the step of fonnning a third layer of 

s intrinsic epitaxial semiconductor material intennedi- 
ate said first and second layers. 

8. A method in accordance witii claim 1 or 2 
wherein : 

said region of said first conductivify type Is fi^amed 
10 within a window of insulating material overlying 
said substrate; and 

said first and second layers being of monocrystal- 
line structure over said region of said first con- 
ductivity type and of polycrystalllne stmcture over 
75 said insulating material. 

9. A method in accordance with claim 2 wherein 
said step of removing said oxidized portion of said 
second layer includes dipping said said layer in a 
wet etch. 

20 10. A metiiod In accordance witii claim 2 wherein 
said step of forming said spacer of insulating ma- 
terial includes tiie steps of : 
oxidizing tiie exposed portions of said first and 
second layers; 

25 fonning a layer of silicon nitride over tiie oxidized 
portions of said first and second layers; 
forming a layer of silicon dioxide over the layer of 
silicon nitride; and 

removing portions of said layers of silicon dioxide 
30 and silicon, nitride and portions of the oxidized 
region of said first layer to leave said spacer. 

11. A metiiod in accordance witii claim 10 wherein 
said third layer of protective material comprises a 
stack including : 

35 a layer of oxide-resistant material; and 

a layer of insulating materia over said layer of 
oxide-resistant material. 

12. A method in accordance witii claim 2 wherein 
said step of removing an oxidized portion of said 

40 second layer includes reactive ioni etching a hori- 
zontal region of tiie oxidized portion of said second 
layer. 

13. A metiiod in accordance wHh claim 12 wher^n 
said step of forming said spacer of insulating ma- 

45 terial comprises the steps of : 

oxidizing the exposed portions of said first and 
second layers; 

fonnning a layer of silicon nitride over tiie oxidized 
regions of said first and second layers; 
50 forming a layer of silicon dioxide over the silicon 
nitride; and 

removing portions of said layers of silicon dioxide 
and silicon nitride and portions of tiie oxidized 
regions of said first and second layers to form said 
55 spacer. 

14. A metiiod in accordance with claim 13 wherein 
said tiiird layer comprises a stack including : 

a layer of intrinsic silicon overiying said second 
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layer; 

a layer of silicon nitride overlying said layer of 
intrinsic polysilicon; and 

a layer of silicon dioxide overlying said layer of 
silicon nitride. s 

15. A vertical bipolar transistor, comprising : 

a substrate of semiconductor material including a 

region of a first conductivity type; 

a first layer of epitaxial semiconductor material of a 

second conductivity type overlying said region; io 

a second layer of epitaxial semiconductor material 

of said second conductivity type overlying said first 

layer, said second layer having a greater dopant 

concentration than said first layer; and 

said second layer defining an aperture exposing a is 

portion of said first layer; 

the exposed portion of said first layer fomiing an 
intrinsic base region for said transistor. 

16. The transistor of claim 15 and further including 

a spacer of insulating material on the sidewall of zo 
said aperture, 

17. The transistor of claim 16 wherein said spacer 
includes a vertically disposed, multilayer stack in- 
cluding : 

a region of silicon dioxide; 25 
a layer of silicon nitride overlying said region of 
silicon dioxide; and 

a layer of silicon dioxide overlying said layer of 
silicon nitride. 

18. The transistor of claim 16 and further including 30 
a layer of doped polysilicon extending down the 
sides of said aperture over said spacer and into 
contact with the exposed portion of said first re- 
gion, 

19. The transistor of claim 18 and further including 35 
an emitter region of said first conductivity type 
extending from said layer of doped polysiBcon into 
said first layer. 

20. The transistor of claim 15 and further including 

a third layer of epitaxial semiconductor material 40 
intermediate said first and second layers, said third 
layer of said second conductivity type and of a 
concentration intermediate that of said first and 
second layers. 

21. The transistor of claim 15 and further including 45 



a layer of Insulating material overlying said sub- 
strate and defining a window exposing a region of 
first conductivity type in said substrate; 
a first layer of epitaxial semiconductor material of a 
second conductivity type overlying said Insulating 
material and said region; 

a second layer of epitaxial semiconductor material 
of said second conductivity type overlying said first 
layer, said second layer having a greater dopant 
concentration than said first layer, 
said second layer defining an aperture exposing a 
portion of said first layer; 

the portion of said first and second layers overlying 
said region of first conductivity type being mon- 
ocrystailine in structure, and the portion of said first 
and second layers overlying said layer of insulating 
material being polycrystailine in structure; 
a spacer of insulating material on the sidewall of 
said aperture; 

a layer of doped poiysillcon extending down the 
sides of said aperture over said spacer and into 
contact with the exposed portion of said first re- 
gion; and an emitter region of said first conductivity 
type extending from said layer of doped polysilicon 
Into said first layer. 

23. The transistor of claim 15 or 22 wherein said 
substrate and said first and second layers com- 
prise silicon, 

24. The transistor of claim 15 or 22 and further 
including a layer of protective material overlying 
said second layer, 

25. The transistor of claim 22 or 24 wherein said 
layer of insulating material comprises a stack in- 
cluding: 

a layer of oxide-resistant material on said second 
layer; and 

a layer of insulating material on said layer of oxide- 
resistant material. 



a layer of insulating material overlying sakJ sub- 
strate and defining a window exposing said region 
of first conductivity type semiconductor material; 
and wherein. 

the portion of said first and second layers overiying 
said region of first conductivity type semiconductor 
material are monocrystalline in structure; and tiie 
portion of said first and second layers overiying 
said layer of insulating material are polycrystailine 
in structure. 

22. A vertical bipolar transistor, comprising a sub- 
strate of semiconductor material: 
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